Medicinal herbs have been increasingly used worldwide for diseases prevention and treatment. Rheum turkestanicum Janisch. is a perennial shrub of the Polygonaceae family. Genus Rheum includes more than 60 species growing around the world which are used in foods and traditional medicines. R. turkestanicum is believed to be able to improve different kinds of disorders including diabetes, hypertension, jaundice and cancer. In recent years, this medicinal plant has been a subject of many experimental studies to document its health-beneficial properties. These studies have revealed antidiabetic, anticancer, nephroprotective, cardioprotective, and hepatoprotective properties of R. turkestanicum. The presence of flavonoids (e.g. epicatechin and quercetin) and anthraquinones (e.g. chrysophanol, physcion, and emodin) in R. turkestanicum justifies its health-beneficial effects. Nevertheless, possible therapeutic applications and safety of this plant still need to be elucidated in further clinical studies.
Introduction
The use of medicinal herbs in the diseases prevention and treatment has been increased worldwide due to their privileged properties. A recent study showed that about one-third of adults in the United States are taking at least a dose of herbal supplement [1] . Numerous studies have provided evidence of the medicinal herbs effectiveness on various diseases such as diabetes, hypertension, cancer, and fatty liver [2, 3, 4, 5] . As a perennial shrub of the Polygonaceae family which mainly grows in central Asia, Rheum turkestanicum Janisch [6, 7] . includes more than 60 species around the world. These plants are widely used in foods and traditional medicines [7, 8, 9] . In recent years, experimental and clinical studies have revealed several biological effects for Rheum genus plants. Some of these effects include hypolipidemic, antibacterial, anti-inflammatory, and antioxidant activities [9, 10, 11, 12] . To the best of our knowledge, there is no comprehensive review of the literatures about pharmacological properties and ethnomedicinal uses of R. turkestanicum. In this paper we reviewed current knowledge about the phytochemistry, ethnomedicinal uses, and pharmacological activities of R. turkestanicum. The information reviewed in this paper may be useful for designing clinical studies to evaluate beneficial effects of R. turkestanicum in patients with diabetes, nephropathy, heart diseases, and liver damage.
Method of literature search
An online search of the literature was carried out at Pubmed/Medline, Scopus, and Google scholar covering all years until February 2019. The following key terms were used, usually in combinations: Rheum turkestanicum, Rheum, Rhubarb, Compounds, and Ethnomedicinal. All the authors independently performed the literature search. The bibliographies of all articles were checked for cross-references that were not found in the search of databases. Articles were selected if they reported any biological effects, ethnomedicinal uses, phytochemical compounds, and botanical descriptions for Rheum turkestanicum.
Botanical description
Rheum L. (family Polygonaceae) is a highly diversified genus, composed of about 60 species distributed in the mountainous and desert regions in Asia and Europe, with the highest diversity of species occurring in China [13] . Among them, R. turkestanicum (commonly known as Eshghan) is a highly reputable medicinal plant that grows widely in central Asia particularly in north-east of Iran [6, 7] . It is a perennial herb with long and stout roots. The leaves are cordate-reniformis, Inflorescence is spherical and high branches. Flowers are hermaphrodite with pedicles up to 7 mm long and perianth segments 2.5-3 mm [6, 14] . Fruits are trigonous nuts and their wings are cream or milk-white [6] (see Fig. 1 ). The only acceptable name according to "The Plant List" database for this plant is R. turkestanicum Janisch. and other synonyms including R. megalophyllum Sumner, R. renifolium Sumner, R. rupestre Litv. ex Losinsk., and R. turanicum Litv. are invalid [15] .
Ethnomedicinal uses
Several plants in Rheum genus are known as rhubarb and widely used in traditional medicines for the treatment of a wide range of human ailments in the world, particularly in Asia. Three main types of rhubarb are gaining significant attention globally and being the main subject of many investigations: the Chinese rhubarb, the Indian rhubarb, and the Rhapontic rhubarb [16] . In Traditional Chinese Medicine, R. officinale Baill., R. palmatum L., and R. tanguticum Maxim. ex Balf. are the Chinese rhubarbs with a long history of use as medicinal plants [17] . The Indian rhubarbs R. emodi Wall. ex Meisn. and R. webbianum Royle are used in Indian traditional medicine to treat a variety of diseases such as abdominal disorders, boils, and wounds [18] . Likewise, in Iranian Traditional Medicine, a number of Rheum taxa, particularly R. ribes L. and R. turkestanicum are popularly used in folk medicine [7] . The roots of R. turkestanicum are believed to improve diabetes, hypertension, jaundice, and cancer [7, 19, 20] . Due to the increasing demand, the short supply, and similar morphological traits, some Rheum taxa have been used as commercial substitutes in some regions of the world (e.g., R. turkestanicum may be mixed with R. ribes in markets, which can reduce the quality and efficacy of R. turkestanicum) [21] . Therefore, authentication of commercial frauds of Rheum taxa is necessary because without correct identification, their efficacy and safety cannot be guaranteed.
Bioactive compounds of Rheum turkestanicum
A wide range of bioactive constituents including anthraquinones, anthrones, acylglucosides, flavonoids, stilbenes, anthocyanins, organic acids, and vitamins have been characterized in Rheum species [16, 22] . However, the number of studies determined bioactive compounds of R. turkestanicum are limited. In our previous study, HPLC-MS/MS analysis on the hydroalcoholic extract of R. turkestanicum root suggested the presence of alkanes (e.g., eicosane and heneicosane), anthraquinones (e.g., aloe-emodin, emodin glycosides, physione, and rhein), fatty acids (e.g., linoleic acid and 9-octadecenoic acid), and flavonoids (e.g., epicatechin and quercetin). The extract also contained a high level of glucogallin, a phenolic compound that is formed from β-D-glucose and gallic acid [23] . Recently, Dehghan et al. analyzed ethyl acetate extract of R. turkestanicum root by 1 H-, 13 C-, 2D-NMR, electron impact ionization mass spectra and single-crystal X-ray diffraction methods and isolated chrysophanol, daucosterol, emodin, physcion, and rhododendrin from the extract [24] . Daucosterol, a glucoside of β-sitosterol, is one of the major sterols found in higher plants [25] . Rhododendrin is a glycoside of arylbutanoid (a type of natural phenol) found in the inner bark of many plant species. Rhododendrin is hydrolyzed to rhododendrol when the plant is under drought stress [26] . Biological effects and chemical structures of some phytochemicals of R. turkestanicum are shown in Table 1 and Fig. 2 , respectively. The yield of a macerated hydroalcoholic extract of R. turkestanicum root is about 30%. The level of phenolic compounds in each gram of the root extract is approximately 250 mg gallic acid equivalent [27] .
1.5. Pharmacological activities 1.5.1. Antidiabetic effects Diabetes is identified as a metabolic disease, which leads to an increase in blood glucose due to insufficient insulin release or resistance to insulin actions. Lack of control of hyperglycemia, in long-term, causes microvascular (retinopathy and nephropathy) and macrovascular (ischemia or cardiac attack) complications [28, 29] . Todays, although insulin and oral antidiabetic drugs are available for management of diabetes, these complications are still being developed in most of the patients. Therefore, the researchers are attempting to find new antidiabetic drugs. Experimental and clinical studies have reported that some of the medicinal plants have beneficial effects on the reduction of blood glucose. In traditional medicine of Iran, R. turkestanicum has been recommended for management of diabetes [7] . Recent experimental studies also support the beneficial effects of this plant on diabetes. In streptozotocin (STZ)-induced diabetic rats, we found that administration of macerated hydroalcoholic extract of R. turkestanicum root (at 200 and 300 mg/kg) for 4 weeks improved diabetic dyslipidemia by reducing the levels of triglyceride, total cholesterol, and low density lipoprotein (LDL) [27] . The hypolipidemic effect of R. turkestanicum was also observed by Hadjzadeh et al. using decoction extract after 3 weeks (at doses of 200, 400 and 600 mg/kg) [30] . There are inconsistent findings about the effect of R. turkestanicum on the blood glucose. In our study, the macerated extract significantly reduced the levels of fasting blood glucose and HbA1c, while Hadjzadeh et al. showed that the decoction extract did not change serum glucose over a 3-week period [27, 30] . This discrepancy can be explained by the differences between the type of extract and duration of study. Increase of triglyceride, cholesterol, and ratio of LDL/HDL are risk factors for atherosclerosis and cardiovascular diseases. The reduction of these parameters by R. turkestanicum favors it as a complementary therapeutic along with current hypolipidemic drugs for the management of diabetic dyslipidemia. Elevation of the activity of aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline phosphatase (ALP) is an indicator of liver disorders, which are observed more frequently in patients with diabetes than healthy individuals [31, 32, 33] . The hydroalcoholic extract of R. turkestanicum reduces the elevated levels of serum AST, ALT and ALP and improved histological changes of the liver in STZ-induced diabetic rats. In addition, the extract improved the serum biochemical indexes related to the kidney function (creatinine) and myocardial damage (lactate dehydrogenase and creatine phosphokinase) [27] .
Antidiabetic effects observed for R. turkestanicum are in agreement with previous reports about beneficial effects of other plants in the genus Rheum in diabetes. For example, it has been shown that administration of R. ribes (350 mg, thrice daily, for 12 weeks) to patients with type 2 diabetes can improve the control of blood glucose [34] . Antidiabetic effects of Rheum genus may be related to the presence of high amounts of anthraquinones and flavonoids (e.g., quercetin) in these plants. Emodin was reported to activate peroxisomal proliferator-activated receptor--gamma and regulate other genes involved in the control of metabolism [35] . Also, it has been shown that chrysophanol and chrysophanol-8-O-b-D-glucopyranoside enhance the effect of insulin on glucose uptake through increasing Glut4 expression and insulin receptor phosphorylation [36] . The beneficial effects of flavonoids on diabetes are attributed to their antihyperglycemic, antioxidant, anti-inflammatory, nephroprotective, neuroprotective, and hepatoprotective effects. These compounds induce their antihyperglycemic effects through decreasing glucose absorption from the small intestine, enhancing glucose uptake in tissues, reducing gluconeogenesis, stimulating insulin release from beta cells, and preserving beta cell mass [37] . For example, quercetin was shown to reduce blood glucose in STZ diabetic rats via preserving pancreatic islets and increase of insulin secretion [38, 39] . Similarly, it has been shown that rhein as an anthraquinone which is found in high amount in Rheum genus can reduce blood glucose via enhancing insulin secretion and inhibiting apoptosis of beta cells [40] . In addition, rhein is able to protect the kidney against the development of diabetic nephropathy by antioxidant and anti-inflammatory properties [41] .
Nephroprotective effects
Several biological agents (e.g., molds and fungi), minerals (e.g., mercury, arsenic, and lead), diseases (e.g., diabetes), and drugs (e.g., cisplatin and gentamicin) can influence renal function and may cause nephrotoxicity. Nephrotoxicity is associated with decreased glomerular filtration rate (GFR), which leads to a decrease in urine output and an increase in serum creatinine and urea [42] . Cisplatin is known as one of the nephrotoxic agent that can cause renal problems in 28-36% of patients after an initial dose [43] . This drug is an anticancer agent, which is widely used in the treatment of cancers of neck, head, and ovary [44] . Cisplatin leads to excessive generation of reactive oxygen species (ROS) and depletion of antioxidant enzymes in kidney. These changes along with inflammatory mechanisms result in apoptosis and necrosis of the kidney cells [45, 46] . Studies have shown that the combination of cisplatin with antioxidant agents may reduce the risk of its nephrotoxicity [47] . R. turkestanicum is a rich source of phenolic compounds with antioxidant properties [27] . The protective effect of R. turkestanicum against cisplatin-induced nephrotoxicity has been studied in vivo. In our recent study, the hydroalcoholic extract of this plant was prepared using 70% ethanol by soxhlet apparatus and administrated (100 and 200 mg/kg) to rats for 3 days (1 h before cisplatin injection). Both doses of the extract could inhibit the cisplatin-induced increase of serum urea, serum creatinine, urinary glucose and urinary protein. These renoprotective effects were confirmed by histopathological test [48] . In another study, protective effect of soxhlet extract of R. turkestanicum was evaluated in HgCl 2 toxicity model. Administration of doses of 100 and 200 mg/kg of the extract attenuated HgCl 2 -induced atrophy and necrosis of the kidney via reduction of lipid-peroxidation and increase of thiol content [49] . This antioxidant activity was also observed in animal models of gentamicin-and hexachlorobutadiene-induced nephrotoxicity. Gentamicin is an aminoglycoside antibiotic that causes acute kidney injury through induction of oxidative stress, inflammation, endoplasmic reticulum stress, and apoptosis in tubular and glomerular cells [50, 51] . Hexachlorobutadiene, which is used in different industries particularly in the manufacture of rubber compounds has toxic effects on the kidney and respiratory system. Boroushaki et al., administrated soxhlet extract of R. turkestanicum (100 and 200 mg/kg) to rats 1 h before intraperitoneally injection of gentamicin (80 mg/kg for 6 days) or hexachlorobutadiene. The extract reduced proteinuria, decreased the serum levels of urea and creatinine, and improved the histopathological changes induced by these compounds. These effects were associated with a decrease of lipid peroxidation and an increase of thiol content in the kidney [52, 53, 54] . The exact compounds responsible for the nephroprotective property of R. turkestanicum remained to be identified. However, according to the previous studies, emodin and quercetin may be the nephroprotective phytochemicals of this plant [55, 56] . It has been reported that emodin can reduce the toxicity of cisplatin in human kidney cells (HEK 293) via scavenging of free radicals and elevation of antioxidant enzymes such as catalase, glutathione peroxidase, glutathione S-transferase, glutathione reductase and superoxide dismutase [55] . Also, quercetin was shown to protect the kidney against mercury toxicity by scavenging of free radicals and inhibition of apoptotic cells [56] .
Cardio-protective effects
It is well known that some chemotherapeutic drugs such as doxorubicin, cyclophosphamide, and 5-fluourouracil may change blood pressure, induce arrhythmia and lead to cardiomyopathy [57] . The clinical studies have shown that consumption of doxorubicin may lead to cardiovascular problems such as dilated cardiomyopathy and congestive heart failure [58] . Doxorubicin enhances production of free radicals in cardiac cells, which leads to accumulation of Ca 2þ , an increase in permeability of mitochondria, release of cytochrome c, lipid-peroxidation, and DNA damage [59, 60] . Recent studies have suggested that medicinal herbs may attenuate cardiotoxicity of doxorubicin due to having anti-oxidant ingredients [61] . Our previous work showed that exposure of H9C2 cells to Soxhlet extract of R. turkestanicum at doses of 25-200 μg/mL reduced doxorubicin cardiotoxicity through reducing free radicals, lipid peroxidation and apoptosis [62] . This effect was comparable to N-acetylcysteine, as a control antioxidant. In addition, macerated hydroalcoholic extract of R. turkestanicum can reduce the level of lactate dehydrogenase and creatine phosphokinase (the indicators of myocardial damage) in the serum of STZ model of diabetic rats. Histological examination confirmed the cardioprotective activity of this plant in diabetic animals [27] . This effect of R. turkestanicum may be related to the presence of emodin, stilbene, quercetin and resveratrol in the active genus of Rheum [22] . Emodin was shown to reduce cardiac injury after ischemia-reperfusion via increasing the antioxidant enzymes [63] . Also it improved cardiac injury following viral myocarditis via decreasing the expression of Toll-like receptor 4 and P38 mitogen activating protein kinase [64] . Quercetin attenuated ischemia-reperfusion injury in cardiomyocytes via decrease of inflammatory response by reducing the activity of signal transducer and activator of transcription 3 (STAT3) [65] . Also, it has been shown that quercetin attenuated cardiotoxicity of doxorubicin in H9C2 cells and mice by enhancement of Bmi-1 expression and reduction of oxidative stress-induced lipid peroxidation [66] . Similarly, resveratrol (a phytoalexin) reduced toxicity of doxorubicin in H9C2 cells [67] and in animal studies via elevation of antioxidant capacity and decreasing the pro-apoptotic proteins such as p53, Bax, and caspase 3 [68, 69, 70 ].
Hepatoprotective effects
The plants of Rheum genus have the potential to protect the liver against environmental toxins and hepatotoxic drugs [49, 71, 72] . Administration of Soxhlet extract of R. turkestanicum (100 and 200 mg/kg, for 3 days) to rats can prevent mercury-induced liver toxicity as observed by reduction of liver enzymes AST and ALT. This hepatoprotective effect was induced via inhibition of oxidative stress [49] . Similarly, it has been shown that Rheum emodi reduced the levels of serum AST and ALT in rats exposed to paracetamol [73] and carbon tetrachloride [71] . Hepatoprotective effect of plants of Rheum genus can be mediated by different components found in these plants such as quercetin, rhein, emodin, anthraquinones and resveratrol. For example, quercetin is able to protect the liver against different toxins including ethanol, heavy metals (cadmium, lead acetate, copper and nickel), pesticides, drugs and chemical compounds [72] . Quercetin protects the liver through decreasing oxidative stress, inhibition of apoptosis, and prevention of inflammatory cytokines action through the IKK/NF-κB and MAPK signaling pathways [74, 75] . Rhein can attenuate the expression of pro-apoptotic proteins in human hepatocytes treated by methotrexate and reduce methotrexate-induced liver injury (reduction of ALT and AST) in rats [76] . An animal study in rats showed that emodin dose-dependently reduced acetaminophen-induced liver toxicity [77] . In rat model of α-naphthylisothiocyanate-induced cholestatic liver damage, free anthraquinones particularly aloe-emodin could improve function and morphological alterations of hepatocytes [78] .
Anticancer effects
Clinical studies have suggested that some phytochemicals compounds show beneficial effects on various types of cancers [3] . One of the malignant cancers is acute promyelocytic leukemia (APL) [79] . Currently, arsenic trioxide (As2O3) is used for management of APL, because of its potential to induce apoptosis and differentiation of APL cells. However, at high concentrations, it leads to different side effects such as skin reaction, an increasing in white blood cell, vomiting, diarrhea and nausea, attenuation of appetite, hemorrhage of teeth and nose [80] . Effects of R. turkestanicum on acute promyelocytic leukemia (APL) cell line have been tested by Hosseini and co-workers. The Soxhlet extract of R. turkestanicum (60-500 μg/mL) increased cell death in HL60 and NB4 leukemia cells similar to As2O3 [81] . Also, Shiezadeh and co-workers have shown that ethyl acetate and n-hexane extracts of R. turkestanicum increased cell death (30-500 μg/mL) in cervical cancer (Hela) and breast cancer (MCF-7) cells similar to taxol (as positive control) via elevation of PARP expression [82] The antitumor activity of R. turkestanicum may be related to the presence of quercetin, emodin, and aloe-emodin in its extract [83, 84] .
1.5.6. Neuroprotective effects Elevation of glutamate can lead to neurodegenerative diseases via decreasing antioxidant enzymes and increasing ROS production [85] . It has been reported that exposure of neuronal cells (PC12 and N2a) to Soxhlet extract of R. turkestanicum (25-200 μg/mL) reduced glutamate toxicity via reducing the level of ROS, inhibition of lipid-peroxidation, and prevention of apoptosis [86] . Neuroprotective effect against glutamate toxicity was also shown for R. emodi in IMR32 cells (by up-regulating Nrf2/HO-1 expression) [87] . In the case of R. turkestanicum phytochemicals, it has been reported that quercetin at 100 μM has a neuroprotective effects against different neurotoxic agents including 1-methyl-4-phenylpyridinium (MPP þ ), ammonium chloride, and nocodazole by increasing α-synuclein expression, decreasing inflammation and inhibition of apoptosis [88, 89] . Also, aloe-emodin was shown to induce neuroprotective effect via inhibition of oxidative stress and may induce beneficial effects on Alzheimer's disease by preventing the activity of acetylcholinesterase [90, 91] . The neuroprotective effect of aloe-emodin may be induced via activation of the Akt serine/threonine kinase and elevation of the level of anti-apoptotic protein Bcl-2 [91] .
Toxicity
Several studies have shown that not all herbs and phytochemicals are risk-free, as per common belief, and some of them can be toxic [92, 93] . Although R. turkestanicum has a long history of use in herbal medicine, evidence concerning its safety is limited. Presence of anthraquinones derivatives in this plants suggests that it should be used with caution, as they may cause adverse effects including genotoxicity, nephrotoxicity, liver damage, and gastrointestinal disorders [94] . Such toxic effects have also been reported for the other plants of Rheum species [94, 95] . However, in a recent study, we found no acute and sub-acute toxicity in animals treated with a hydroalcoholic extract of R. turkestanicum root. In acute toxicity experiment, male and female mice were orally treated with the extract at single doses of 300, 2000 and 3000 mg/kg. Up to 14 days, no deaths or signs of toxicity were observed in the mice that received the extract at a dose of 300 mg/kg (the no-observed-adverse-effect level, NOAEL). The extract at a dose of 3000 mg/kg led to the death of one male and one female mouse (LD 50 > 3000 mg/kg). In the sub-acute experiment, the extract was administered at doses of 100 and 400 mg/kg to male rats for 28 consecutive days. These doses produced no mortality or significant changes in hematological parameters, serum biochemical indicators of kidney and liver function, and histopathology of the liver, kidney, heart, and brain [23] . Further studies will be necessary to elucidate whether R. turkestanicum has any unwanted effects in humans.
Conclusion
Nowadays, the interest in herbal medicine has increased all over the world. R. turkestanicum has a long history of use in traditional medicine of Central Asia to treat different diseases including diabetes, hypertension, jaundice, and cancer. Experimental studies performed in recent years have revealed a number of health-beneficial effects for R. turkestanicum. These effects include antidiabetic, anticancer, nephroprotective, cardioprotective, and hepatoprotective activities. It seems that this plant has the potential to protect the body tissues, particularly liver and kidney, against environmental toxins and side effects of drugs. The presence of flavonoids and anthraquinones in R. turkestanicum justifies its healthbeneficial effects. However, the number of studies determined the bioactive constituents of this plant is small, and much work should be done. Also, future works are needed to reveal the exact molecular mechanisms responsible for health-beneficial effects of R. turkestanicum. In addition, more studies are needed to confirm the safety of extract of this plant. A main limitation of the current literature on the healthbeneficial effects of R. turkestanicum is that these studies have been performed only on animal models. The information reviewed in this paper may be useful for designing clinical studies to evaluate beneficial effects of R. turkestanicum in patients with diabetes, nephropathy, heart diseases, and liver damage.
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